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MANAGEMENT OF DIARRHEA 
AN INDIVIDUAL RESEARCH AND STUDY PROJECT 
Abstract 
Alexander Azuka Nweji 
Diarrhea with associated malnutrition is the most 
common cause of life-threatening morbidity in infants 
reared in developing countries. Rehydration and the 
maintenance of adequate fluid and electrolyte balance is 
the key to the management of the child with acute diarrheal 
disease. The purpose of this project was to design a 
study for determining the effectiveness of a 'locally' 
produced oral rehydration therapy (ORT) that could be 
easily administered in the home. 
Thirty grams of whole ground corn in one liter of 
potable water was boiled for 20 minutes to rroduce a 
colloidal suspension which was cooled to 30 C. Three and 
half grams of Sodium chloride was then added. A stock 
suspension based on the above formula would have been 
prepared for the entire project. A minimum of 48 piglets 
divided into six treatment groups would have been used. 
Groups one through four will be the treatment groups while 
groups five and six will serve as controls. 
The efficacy of the ORT would be evaluated based on 
the abilities of the Transmissible gastroenteritis virus 
(TGE) inoculated piglets to recover from diarrhea. 
Consequently, the hydration status, acidosis state, 
electrolyte contents of the stools·and plasma of these 
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Statement of the problem 
Acute diarrhea is one of the major causes of 
childhood morbidity and mortality throughout the world (1). 
Diarrheal diseases and malnutrition are common in children 
in developing countries of the world and an interaction 
between them has been postulated (2). Diarrhea has been 
found to have an adverse effect on growth and to be a major 
factor in the causation or aggravation of malnutrition 
(3,4). This was because the diarrhea patient loses 
appetite and is unable to absorb food properly. Also, 
malnourished children have greater severity of diarrhea 
and an increased risk of death from a variety of infectious 
diseases (5,6,7). 
Rehydration and the maintenance of adequate fluid 
and electrolyte balance are the key to the.management of 
the child with acute diarrheal diseases (8). Consequently, 
this project would focus on the design of a study useful 
for the development of a 'local' oral rehydration therapy 
for the management of diarrhea using corn-water-salt solu-
tion. 
Significance of the problem 
Diarrheal diseases present major problems in 
developing countries. It is reported that 750 million to 
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1 billion cases of diarrhea occur in children below five 
years of age in Asia, Africa, and Latin America each year. 
It is estimated that 3-6 million children in this age group 
die annually from acute diarrhea (9). According to 
accurate data from one part of Bangladesh, in 1975, there 
were 239 deaths per 1000 population. Diarrhea was respon-
sible for 34% of these deaths (10). 
In 1980, according to the World Health Organization 
(WHO), an estimated 5 million children under five years of 
age, died as a consequence of diarrheal diseases. These 
deaths were an outcome of the some one billion episodes 
that occurred in the developing countries (excluding 
China). Undoubtedly, most of these deaths were in poorer 
families and rural areas (11). 
An estimated 60 - 70% of diarrheal deaths are caused 
by dehydration (11). Oral rehydration therapy (ORT) can 
prevent and correct this dehydration and thus prevent many 
of these diarrhea-associated deaths. An oral rehydration 
solution (ORS) has evolved that is now produced and 
distributed widely in developing countries under the 
auspices of WHO. Numerous studies have shown that this 
same oral approach to rehydration is effective in young 
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children, even those with severe viral diarrhea (12). More 
recently, Walsh and Warren identified diarrheal diseases as 
a priority target for selective primary health care program 
and emphasized oral rehydration as the key intervention for 
the reduction of diarrheal disease mortality (2). It was 
widely agreed that oral rehydration, delivered within a 
primary health care program, was an effective and rela-
tively inexpensive intervention for the reduction of 
mortality due to dehydrating diarrheas. Other 
interventions were also required (13). 
The Diarrheal Diseases Control (CDD) Program of the 
WHO has, since its inception in 1978, advocated the 
following four-part strategy for diarrhea control: 
I. Improved case management, with particular 
emphasis on the early use of oral rehydration therapy in 
acute diarrhea and an appropriate feeding during illness 
and convalescence; 
II. Improved maternal and child health care, with 
particular emphasis on breast-feeding, weaning practices, 
personal and domestic hygiene, and maternal nutrition; 
III. Improved use and maintenance of drinking water 
and sanitation facilities, and improved food hygiene; 
IV. Detection and control of epidemics. 
In the first year of the CDD program, greatest emphasis was 
placed upon oral rehydration as the primary intervention 
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for reducing diarrheal disease mortality among young 
children (13). 
The present annual supply of oral rehydration salt 
packets (ORSP), by the WHO, is about 200 million. This 
quantity is only enough to treat some 10% of all childhood 
diarrheal episodes (11). Consequently, there is an urgent 
need to accelerate the development of an ORT that could 
easily be prepared by parents at home using 'locally' 
available resources, and to disseminate more information 
about the early treatment of diarrhea in the home. 
Intravenous fluid (IVF) therapy was first used in 
patients with cholera in 1831 and is now available in 
hospitals in developed and developing countries (10). 
However, in developing countries, most of the small and 
rural hospitals may not be well organized to administer 
such treatment safely because of the cost and dependence on 
imported materials. The average cost of treating one 
patient with intravenous therapy can be more than five 
dollars as compared with less than fifty cents with ORS 
(11). Intravenous fluid therapy is effective in treating 
dehydration but, compared with oral rehydration, it 
presents greater risks and costs more. The main risks, in 
addition to psychological stress to parents, are the 
introduction of septicemic infection, pyrogenic reactions, 
embolism, phlebitis, and even rupture of the veins (10). 
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The problem statement 
Oral rehydration therapy is a simple, inexpensive, 
and effective therapy; ensuring that it is widely available 
and used in many public health agencies and homes. A 
person with acute diarrhea begins to lose essential water 
and salts from the onset of the illness. Unless these are 
adequately replaced, dehydration will develop. In the 
light of this, prevention of dehydration is therefore the 
first appropriate response to diarrhea. But there lies the 
problem that many families in the developing countries are 
poor and cannot afford a standard ORT. Therefore, it is 
expedient that a 'locally' easily available ORT should be 
developed for use in homes making use of 'locally' 
available resources. This research paper will describe an 
experimental design suitable for the evaluation of corn-
water-salt solution as an ORT for use in homes. 
The purpose of this study 
The purpose of this paper was to design a study for 
determining the effectiveness of corn-water-salt solution 
as an oral rehydration therapy for the management of 
diarrhea in piglets inoculated with transmissible 
gastroenteritis virus (TGE). TGE is a specific viral 
enteritis highly contagious among pigs which can be 
produced experimentally in young animals (14). 
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Justification for the study in piglets 
strict regulations have been established in the use 
of human subjects for research. Consequently, piglets were 
to be used for this study. Pigs are monogastric animals 
like humans and have been shown to handle food in similar 
manner to humans. For instance, the Yucatan miniature pig 
gastrointestinal tract (GIT) was found to have similarities 
to humans, both morphologically and by oral absorption 
mechanisms. Also, the histological sections of stomach, 
duodenum, jejunum, ileum, and colon of the Yucatan pig 
closely resemble human GIT in both size and cellular 
anatomy (15). 
Research objectives 
The primary objective of this project is to design a 
study: 
I. To evaluate the effectiveness of corn-water-salt 
solution as an oral rehydration therapy. 
II. To compare the efficiency of corn-water-salt 
solution as an oral rehydration therapy, suitable for home 
remedy, with the standard WHO oral rehydration solution. 
Proposed hypotheses 
I. That there is no significant difference in the 
ability to recover from diarrhea between piglets that are 
treated with corn-water-salt solution and those that are 
not treated. 
II. That there is no significant difference in the 
ability to recover from diarrhea between piglets that are 
treated with corn-water-salt solution and those that are 
treated with the standard WHO oral rehydration solution. 
Definition of terms as operational definitions 
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Dehydration: loss of water and dissolved salts from 
the body occurring as a result of diarrhea. 
Diarrhea: excessive losses of fluid and electro-
lytes from the GIT. 
Rehydration: correction of dehydration. 
Oral rehydration therapy (ORT): the administration 
of fluid by mouth to prevent or correct the dehydration 
that is a consequence of diarrhea. 
oral rehydration solution (ORSl: Specifically, the 
standard WHO recommended formula consists of four 
constituents: 
(1) Sodium chloride 
(2) Trisodium citrate, dihydrate 
or Sodium hydrogen carbonate 
(Sodium bicarbonate) 







The above ingredients are to be dissolved in one liter of 
potable water. Generally, ORS is provided in prepackaged 
dry form to be reconstituted when necessary. 
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Corn {maize): The edible grain or seeds of annual 
cereal Zea mays. 
Corn-water: Water obtained from boiled whole ground 
corn. 
Transmissible Gastroenteritis Virus (TGE): This is 
a corona virus with an RNA genome and a diameter of 
approximately 80 to 90 nm (14). This virus has been shown 
to be stable at pH 3 and 4 and when ingested, it infects 
the absorptive epithelial cells of the small intestine 
destroying them. TGE virus has been shown to induce 
diarrhea in young animals. Suckling pigs are resistant to 
the infection (14). 
Variables 
Independent variables: Corn-water-salt solution, 
WHO ORS, TGE virus. 
Dependent variables: 
( i) Body weight of piglets, 
(ii) Hematocrit, 
(iii) Plasma specific gravity, 
(iv) CO2 content, 
(v) Plasma electrolytes, 
(vi) Stool electrolytes such as Na• k+ Cl 
(vii) Stool sampling for microorganisms. 
9 
Why this research did not meet a thesis option 
A significant role of the College of Home Economics 
in higher education, is to improve the quality of life in 
the home. The design of the study is geared toward the 
achievement of that objective. consequently, the use of 
corn-water-salt solution as an oral rehydration therapy in 
the management of diarrhea was initially intended to be a 
thesis topic for a Master of Science degree in Home 
Economics with specialization in Nutritional Sciences. 
However, the lack of acceptable funding for the project was 
responsible for using this topic as a research problem. 
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CHAPTER TWO 
REVIEW OF LITERATURE 
A considerable amount of research has been done on 
diarrheal diseases and different types of rehydration. New 
knowledge of normal functioning of the GIT and the 
pathologic processes that may afflict the child's 
alimentary tract has improved the capability to diagnose 
and manage certain specific diseases that cause diarrhea. 
Recent literature and some of the outstanding studies that 
have been done in the past will be reviewed. 
Background to the problem 
Acute diarrhea affects nearly 500 million children 
annually worldwide, is the leading cause of death in 
children under four years old, and is a substantial cause 
of malnutrition (16). This is the grim situation now in 
the developing countries of the world, but it was the same 
in the developed countries seventy years ago. Since then, 
improved sanitation and hygiene, potable water supplies, 
adequate nutrition as well as improved health care, have 
dramatically reduced the incidence of acute diarrhea. 
Controlled studies in adults and infants have shown 
the efficacy of oral rehydration techniques in the therapy 
of mildly to moderately acute diarrheal diseases (17). In 
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view of the fact that dehydration is the major cause of the 
immediate morbidity and mortality of diarrhea, the 
potential health benefits of oral rehydration therapy are 
enormous. In addition, early institution of ORT may arrest 
and reverse progression to severe dehydration, which 
otherwise usually requires intravenous therapy in a 
hospital setting. Consequently, the introduction of ORT 
has been the single most important step in the development 
of a program to manage diarrheal diseases at the community 
level. To accomplish this, the technology and the 
materials had to be accessible to households at all times, 
whatever their location relative to a health center (18). 
Theories and generalizations 
Within the last forty years, the study of acute 
diarrhea in children (and adults) has led to important 
knowledge of the physiology of body fluids and the 
intestine and of therapy. According to Hirschhorn, the 
essential elements of rehydration, as first identified by 
Darrow, are adequate replacement of sodium chloride, 
potassium and volume losses, and maintenance of nutrition 
(16). As a result of numerous research studies in 
different parts of the world, certain key elements were 
later developed: 
I. Rapid restoration of salt and water repletion 
with simultaneous correction of acidosis, and administra-
12 
tion of potassium; 
II. Use of an oral glucose electrolyte solution for 
repletion of those individuals not in shock, and for 
maintenance; 
III. Use of a single polyelectrolyte IVF and a 
single oral glucose electrolyte solution, for all age 
groups; and 
IV. Early feeding with tolerated foods. 
A person with acute diarrhea begins to lose 
essential water and salts from the onset of the diarrhea, 
which usually lasts three to seven days but may last for up 
to ten to fourteen days (11). Prevention of dehydration is 
therefore the first appropriate response to diarrhea. 
A person needs to be treated in two main phases: 
(I) The rehydration phase: replacement of the 
deficit accumulated due to fluid and salt losses in stools 
and vomits. 
(II) The maintenance phase: replacement of on going 
abnormal losses due to continuing diarrhea and vomiting, 
and replacement of normal losses due to respiration, 
sweating, and urination, which are particularly high in 
infants. 
The concept of replacing fluid losses by mouth began 
to receive attention in the 1960 1 s, when a major break-
through was made with the successful use of an oral 
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solution containing glucose and essential salts to treat 
cholera cases with very severe diarrhea. The scientific 
evidence to explain the success of ORT included the 
demonstration that the presence of glucose in ORT solution 
made it easier for the intestine to absorb water and 
sodium, a process that remained unimpaired during acute 
diarrhea (11). 
In many developing countries of the world, the 
incidence of diarrhea is high because glucose, a vital 
constituent of WHO-ORS, is not readily available and is 
expensive. Under these conditions, rice powder or whole 
ground corn appears to be a satisfactory alternative. Both 
rice and corn are cheaper than glucose or sucrose, are 
available in virtually every home, and generally are 
readily acceptable traditional food. In a controlled 
randomized trial by Mohan et al in Safdarjuna hospital, New 
Delhi, India, involving fifty male infants, three to 
eighteen months old and hospitalized with acute noncholera 
dehydrating diarrhea, the safety, efficacy, and 
acceptability of the standard WHO recommended glucose ORT 
was compared with that of rice powder containing 30 g of 
rice powder instead of glucose 20 g (19). Patients in 
group A,received solution A, the standard WHO glucose-
electrolyte formula; patients in group B received solution 
B, the rice powder-based ORS. The electrolyte content of 
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both solutions was identical (sodium 90 mmol/L; chloride 80 
mmol/L; potassium 20 mmoL/L; and bicarbonate 30 mmol/L). 
For preparing rice powder ORS, the glucose (20g) in 
standard WHO-ORS was replaced by 30g of rice powder, 
prepared by grinding dry rice. In vitro enzyme hydrolysis 
converts 80 to 86% of the rice starch into glucose; 
therefore, 30g rice powder was given so that at least 20 g 
glucose would be liberated in the intestinal lumen. The 
electrolytes and rice powder were packaged separately. To 
prepare the solution, the rice powder was first dissolved 
in one liter of ordinary water and boiled for 5-7 minutes 
to make a uniform solution. The solution was cooled, the 
electrolytes were dissolved, and water was added up to one 
liter. Each patient's weight and the volume of fluids 
administered were recorded every 4 hours. Stools and 
vomitus were measured every 4 hours by determining the 
difference in weight between dry and soiled diapers and 
linen. Urine output was measured by separating from stool 
output by condom drainage. Physical examination was 
repeated frequently after admission to assess the state of 
hydration. Laboratory studies performed on admission 
included venous blood sampling for serum levels of sodium 
and potassium (flame photometry); blood urea; blood sugar; 
hematocrit; total and differential leukocyte count; and 
stool sampling for macroscopic and microscopic examination 
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and bacteriologic examination. The proportion of 
successfully treated patients in each group was 92%, and 
the two rehydration solutions proved comparable in 
correcting and maintaining the hydration status and the 
serum sodium and potassium levels. The mean rehydration 
time, stool output, stool frequency, ORS intake, weight 
gain, and urine output were comparable in both groups. It 
was concluded that rice powder ORS was safe, effective, and 
acceptable as the standard WHO glucose ORS for the 
treatment of acute noncholera dehydrating diarrhea in 
infants. 
The promising results from Bangladesh using rice 
suggested the need for Kinoti et al to do a clinical study 
using corn (maize) at the Kenyatta National Hospital, 
Nairobi, Kenya (20). A total of 69 male children between 4 
to 24 months of age, with moderate to severe dehydration 
due to acute diarrhea of not more than 72 hours duration 
were included. Thirty-six of the children were treated 
with maize-based ORS while 33 were treated with standard 
WHO ORS. Of the 36 children on maize-based ORS, only the 
first 18 were treated with the 50 g/L maize ORS. The 
concentration had to be dropped to half because a 
gelatinous thin layer eventually formed on the surface of 
stored maize-ORS suspension. In addition, the children 
tended to drink more plain water and less of the maize-ORS. 
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Based on weight gains, mean duration to complete hydration, 
specific gravity and hematocrit values, there were no 
significant differences among the three groups. Therefore, 
it was concluded that maize-based ORS is as efficacious as, 
but not better than, the standard WHO ORS for the treatment 
of dehydration due to acute infantile diarrhea. 
In another clinical trial involving 150 Indian 
infants under six months with acute gastroenteritis, rice 
water and rice water electrolyte solutions were found to be 
better than glucose electrolyte solution in reducing the 
frequency and volume of stool output and in producing 
weight gain among the children (21,22). Similarly, from 
the studies that were carried out at the International 
Center for Diarrheal Diseases Research, Bangladesh (ICDDR, 
B), during an epidemic of cholera between December 1982 and 
March 1983, it was concluded that the glucose or sucrose 
component of oral rehydration solutions could be replaced 
by rice powder with improved results (23). In view of the 
successful trials using rice-water, the need to try other 
forms of cereals was warranted. Consequently, corn-water-
salt solution would have been used in this research study. 
Functional anatomy of the intestinal mucosa 
In order to understand the pathophysiological 
mechanisms involved in electrolyte disturbances resulting 
from diarrheal disorders, a good knowledge of the normal 
physiology of the transport of water and electrolytes 
across the gastrointestinal tract is essential. Fun-
damental to this is a knowledge of the anatomy of the 
intestinal mucosa (25). 
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The luminal surface of the small intestine is 
greatly enhanced by the presence of villi. The villus is 
the functional unit of the intestine. The epithelial cells 
covering the surface of the villus is composed of mature 
cells on the tip and crypt cells at the base of the villi. 
The crypt cells are undifferentiated and are primarily 
secretory cells, while the tip cells are well 
differentiated and are primarily absorptive cells. The 
life span of the tip cell is 4 to 5 days, and therefore 
they are continually replaced by migration of cells from 
the crypts. The tip epithelial cells are lined with a 
micro-villus membrane that contain all the brush border 
enzymes involved in the digestive process and carrier 
proteins with primary transport function. The intestinal 
cells are joined together by 'tight' junctions, and the 
space between two cells is called the paracellular or 
intercellular space, which is important in passive 
diffusion of water and electrolytes from the lumen to the 
capillaries underlying the cells basement membrane. The 
interior of the cell has a negative membrane potential of 
-40mV with the mucosal side of OmV and the serosal side of 
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5mV. The concentration of sodium inside the cell is 
maintained low at 15 to 20 mmol by the Na+K+ - ATPase pump 
at the basolateral membrane (25). 
Physiology of electrolyte transport 
Na+ and Cl Transport 
The uptake of Na+ and Cl across the luminal brush 
border membrane is not directly linked to chemical 
reactions, and in the steady state, Na+ and c1· are absorbed 
in a coupled manner. The coupled Na+ - c1· is only one of 
several ways of Na+ or c1· entry into the epithelial cells. 
Other mechanisms of Na• entry into the cells include 
diffusion and sodium coupled with nonelectrolytes, such as 
glucose and amino acids. This coupled transport of Na+ -
Cl• accounts for about twenty percent of the total influx 
of these ions (25). More recent studies suggested an 
important role of Na+ - H+ exchanger and c1· - Hco· exchanger 
in the small intestine of a mammal. These two processes, 
result in an electrically neutral NaCl transport into the 
cell. Recent studies on ion transport by human colon 
demonstrated an electrogenic Na+ absorption and 
electroneutral Na• - c1· cotransport. The electrogenic Na• 
absorption was more evident in the distal colonic segments 
( 2 5) • 
There is a general agreement that Na+ - k+ - ATPase 
at the basolateral membranes plays a major role in Na+ exit 
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from the cells. Because studies on intracellular k+ 
activities indicate that k+ must be actively transported 
into the cell and in view of the localization of Na+ - k+ -
ATPase, it is inferred that Na+ extrusion must be coupled 
to k+ influx into the cells. 
The process by which Cl- exit from the epithelial 
cells is not clear (25). A downhill process directed along 
a favorable electrochemical potential difference has been 
suggested. However, a double exchange Cl- - Hco
3
- and/or 
anion cannot be ruled out. 
Na• - Glucose Coupled Transport 
The current evidence suggests that glucose 
transport across the brush border membranes occurs by a 
carrier-mediated process (25). This process is electrog-
enic and driven by the Na• gradient across the cell. The 
coupling ratio of Na+ to glucose (stoichiometry) is 2 to 1. 
At the basolateral membrane, glucose exit by a carrier-
mediated process that is not sodium dependent. Similar 
mechanisms have been shown for amino acids. Studies with 
brush border membrane vesicles have shown that these 
mechanisms are present during early life; however, in rats, 
the transient accumulation of D-glucose appears to be 
decreased in the suckling period due to faster dissipation 
of the Na+ gradient. 
Hco3 Transport 
(HC03-l Bicarbonate transport has been difficult to 
study because the intestinal tract absorbs and 
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secretes HC03 (26). However, in general, it is accepted 
that jejunum absorb bicarbonate by a Na•- dependent process 
that is most likely due to Na+/H+ exchange. Conversely, 
the duodenum, ileum, and colon secrete HC03-by Cl ·Hco3-
mechanism. 
k+ Transport 
k+ is transported across the small intestine by a 
passive process, driven by net water flow and in response 
to the electrical potential difference. In contrast, the 
colon absorbs k+ actively by a carrier-mediated process. 
Water Transport 
Water movements are believed to be secondary to the 
net transfer of solutes, generating a hypertonic milieu in 
the paracellular space that drags water by osmotic gradient 
mainly from the cell and partly through the intercellular 
junction. Also, hydrostatic pressure gradient can 
influence water movement. 
Intestinal secretion of electrolytes 
studies in animals suggest that water and 
electrolyte secretion follows active secretion of Cl from 
the crypt cells of the jejunum, ileum, and colon. The 
model for Cl- secretion suggests a two-step process with 
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neutral Cl- entry at basolateral membrane and conductive 
exit at the apical membrane. Cl- entry at the basolateral 
membrane appears to result from the coupling of Na• and k+ 
entering the cell down the Na• electrochemical gradient, 
which is maintained by the Na• - k+ - ATPase activity. Cl 
exit across a Cl- permeable apical membrane. 
Intracellular mediators involved in the regulation of 
electrolyte transport 
The following intracellular mediators have been 
shown to be involved in the intestinal electrolyte 
transport: 
1. Ca++ (Calcium ions) 
2. Cyclic AMP (Cyclic Adenosine monophosphate) 
3. cyclic GMP (Cyclic Guanosine monophosphate) 
4. pH 
Effect of ca++ on electrolyte transport 
Altering cystosolic ca•• concentration affects two 
transport processes: 
(a) Na• and Cl- coupled entry across the apical 
membrane. 
(b) Active chloride secretion by the crypt cells. 
Inhibition of Na• and Cl- transport and active 
secretion seems to occur with increasing 
chloride 
cystosolic ca++ concentration. The process of Na• and Cl 
entry can also be stimulated by lowering cystosolic ca++ 
concentration. 
Effect of Cyclic AMP on electrolyte transport 
Agents that increase cyclic AMP levels result in 
inhibition of Na• and Cl- absorption processes and 
increase electrogenic Cl- and k+ secretion. Cl - secretion 
was shown in the small and large intestine, while k+ 
secretion occurs only in the large intestine (27). 
Microbes such as enterotoxin - producing agents such as 
Vibrio Cholera, heat-labile Escherichia coli, Salmonella 
species, Campylobacter jeiuni, and Pseudomonas aeruginosa 
are known to increase cyclic AMP. 
Effect of Cyclic GMP on electrolyte transport 
The effect of cyclic GMP is similar to that of 
cyclic AMP and ca••. Agents that are known to stimulate 
cyclic GMP include heat-stable Escherichia coli, Yersinia 
enterocolitica, and Klebsiella pneumoniae enterotoxins 
( 25) • 
Effect of pH on electrolyte transport 
22 
Changes in acid base balance have no effect on 
electrolyte transport by the jejunum. In the ileum and 
colon, acidosis will result in increased Na• and c1· 
absorption, whereas alkalosis will result in decreased Na• 
and c1· absorption. However, net HCo3• transport correlates 
with the level of blood Hco3• i.e. increased Hco3· secretion 
will result with high Hco3• content, while absorption will 
occur with low HC03- content (28). 
In addition to the above, certain neurohumoral 
substances e.g. neurotransmitters like acetylcholine and 
hormones such as cholecystokinin, do alter the transport 
properties of electrolyte movement across the intestinal 
membranes. 
Pathophysiological mechanisms of diarrhea 
Viral diarrhea 
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Of the viruses producing acute diarrhea in infants 
and toddlers, rotaviruses are by far the most common. In 
temperate climates, rotaviruses are responsible for about 
50% of episodes of acute infectious diarrhea, most commonly 
in the winter months and in children between six months and 
two years of age (26). In the tropics, the incidence 
ranges from 14% up to 66% with no seasonal prevalence. 
Extensive work has been done on viral diarrhea by 
Hamilton and his colleagues in Toronto, Canada (27,28). 
Rotaviruses invade the epithelium of the small intestinal 
mucosa, involving the proximal portion but extending 
diffusely to involve as much as the entire small bowel. 
Studies in rabbits show early and heavy invasion of the 
Payer's patch regions by rotavirus, suggesting that this 
might be the preferred portal of entry (27). There is 
extensive villus epithelial invasion without invading the 
crypts. There are no infections of the stomach and colon. 
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In animal studies, invasion of the surface epithelium of 
the small intestine generates a proliferative response in 
the crypts with a marked increase in the epithelial renewal 
rate. Consequently, the virus is shed while at the same 
time the epithelium becomes dominated by cells that have 
migrated quickly from the crypts and failed to undergo a 
normal process of differentiation. Therefore, it appears 
that diarrhea is the result of this subsequent poorly 
differentiated status of the bowel lining and not of direct 
viral damage (27). There may or may not be a structural 
lesion with shortened villi and reduced surface area which, 
when present, exacerbates the diarrhea. 
Based on studies with transmissible gastroenteritis 
virus (TGE) in piglets (27), a virus possessing many 
striking similarities to human rotavirus (26), several 
functional abnormalities were identified during the peak of 
TGE diarrhea. Each of these could contribute to excessive 
fecal electrolyte and water losses. 
Brush border membrane disaccharidase activities were 
decreased as was the function of the basolateral membrane 
Na pump, the Na-k-ATPase system (27). The main defect 
appeared to be a marked reduction in Na gradient-dependent 
glucose absorption across the intestinal brush border. 
Also, neutral NaCl absorption at this site was decreased. 
However, it was interesting to note that alanine-Na 
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cotransport could be only partially impaired in acute viral 
diarrhea (27). 
In fed patients, rotavirus and TGE stools contained 
concentrations of Na+ and Cl- (45 to 55 mg per L) that were 
higher than normal. However, these concentrations were 
less than those seen in secretory states like cholera (27). 
The importance of nutrition in the repair of GIT 
after viral infection 
Nutrition has an important role in the recovery from 
viral infection of the gut. In a study by Hamilton et al., 
well nourished animals tended to have rapid turnover of the 
epithelium combined with the peristaltic activity act to 
clear these superficial infections from the gut (29). 
Also, in malnourished animals, there was a failure of the 
enterocytes to differentiate fully as they migrate to the 
intestinal villi thereby causing a disordered transport of 
nutrients (29). Recovery of the epithelium was a matter 
not only of replacement of shed cells but also restoration 
of a functioning differentiated epithelium. In a well 
nourished host, this repair process was completed within 
four or five days (29). Epidemiologic data from Bangladesh 
indicate that in malnourished patients, the average 
duration of symptoms is relatively extended (30,31,32). 
Bacterial diarrhea 
In the United States and other industrialized 
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countries, most diarrhea episodes are due to viral agents 
(1). However, with improved techniques more bacterial 
agents are being diagnosed. In developing countries, up to 
45% of diarrheal episodes are due to bacterial agents (1). 
Among these are enterotoxigenic Escherichia coli (ETEC), 
Shigella dysenteriae, Shigella flexneri, Vibrio cholerae, 
campylobacter jejuni, Yersinia spp, and Salmonella spp. 
Socioeconomic factors related to bacterial diarrhea 
Poor living conditions have played a major role in 
bacterial diarrhea, especially in developing countries. 
Lack of clean water, crowding, inadequate hygiene and poor 
sanitation as well as malnutrition have been major risk 
factors. In the U.S.A., a study carried out in Michigan 
showed no significant difference in incidence of diarrhea 
between upper-middle class and lower class children in 
incidence of diarrhea (33). Certainly, this may have 
reflected better education as well as more uniform 
distribution of uncontaminated food, potable water, and 
sewage disposal among the various social classes in the 
United States as compared to developing countries. 
Pathogenesis of bacterial diarrhea 
(i) Colonization of the bowel 
For successful colonization of the intestine, 
adherence of bacteria to gut structures is very important. 
Bishopo and Ulshen found that certain factors influence the 
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adherence of enteric pathogens. These were the presence of 
pili (fimbriae), motility, chemotaxis, adhesions, and 
mucous attachment (1) e.g. Escherichia coli. 
(ii) Motility 
Motility was found to allow pathogens to penetrate 
the mucous gel layer covering epithelial cells, 
particularly when they were chemotactically guided toward 
the bowel wall. e.g. Shigella (1). 
(iii) Toxins 
Elaboration of enterotoxins by certain organisms 
resulted in massive secretion of fluid and electrolytes. 
Other toxins, called cytotoxins, had a directly harmful 
effect on mucosal cells of the intestine e.g.~- coli, 
Shigella, Salmonella (1). 
Cholera toxin is the prototype of an enterotoxin 
e.g. Vibrio cholerae. Vibrio cholerae multiplying in the 
small intestine elaborate an enterotoxin which attaches 
irreversibly to GM1 ganglioside on the luminal surface of 
the enterocyte, causing activation of intracellular 
adenylate cyclase (1). Activation of this enzyme results 
in an increase in cyclic adenosine 31 monophosphate 
(cAMP), which is directly associated with fluid and 
electrolyte secretion across the brush border into the 
small intestinal lumen, producing profuse diarrhea (1). 
These changes occur in the absence of histological change 
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in the small intestinal mucosa. Consequently, the coupled 
absorption of glucose and sodium remains intact. 
Escherichia coli 
Enterotoxigenic strains elaborated at least two 
distinct plasmid-mediated toxins, heat-labile 
toxin (LT) and heat-stable toxin (ST). Heat-labile toxin 
appeared to act like cholera toxins in most respects, 
whereas ST increased intracellular cyclic GMP by activation 
of guanylate cyclase. This resulted in net fluid and 
electrolyte secretion across the brush border into the 
intestinal lumen (1). 
(iv) Invasiveness 
Invasiveness is defined as the ability to penetrate 
cells. Invasiveness has been found to play a major role in 
the pathogenesis of dysentery caused by certain organisms 
e.g. Shigella (1). Even though this organism produced 
potent toxins, invasiveness appeared to be required in the 
pathogenesis of shigellosis. 
Prevention of bacterial enteric infections 
Good public health measures and widespread 
application of modern sanitation techniques would 
undoubtedly result in decreased enteric bacterial 
infections. The use of antibiotics for the treatments of 
enteric infections should be handled with caution. There 
is the danger of the development of resistant strains. 
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However, when necessary, appropriate antibiotic treatment 
can be selected by in vitro determination of the antibiotic 
sensitivities of the organism. 
The development of vaccines to enteric pathogens has 
the potential of providing significant protection from 
illness. At present, work in this area is on the increase 
in many laboratories across the United States. 
CHAPTER THREE 
METHODS, PROCEDURES AND DESIGN 
Type of study 
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This study could be carried out by experimental 
design, making use of the facilities that are available at 
the Veterinary Science Laboratories of the South Dakota 
State University, Brookings, or in any laboratory with 
equivalent facilities. 
Rationale for the study 
The purpose of this study was to design a ·1ocally' 
useful ORT that could be easily administered in the home. 
such a therapy should be inexpensive and should utilize 
ingredients normally available in homes. The need for this 
product could be justified in view of the fact that the 
current ORT is not readily available in many poor rural 
communities. Also, the available ORT may not be easily 
prepared by people with a low level of education. 
Corn'(Zea mays), known as maize in certain parts of 
the world, is a popular grain that is used as food for 
humans and animals in many countries of the world. 
The energy value of corn is generally higher than 
other plants and thus corn is used as a standard by which 
other energy sources are compared. Thus, if the relative 
energy value of corn is taken as 100, the energy value of 
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other available plant energy sources is generally less 
(26). This is mainly due to the low fiber content of the 
corn kernel and the high digestibility of its starch (26). 
White and yellow corn are of similar composition except 
that yellow corn is high in carotene, a vitamin A 
precursor. Corn is relatively low in protein content and 
has a poor balance of essential amino acids. The protein 
quality of corn is poor because of a relative deficiency of 
essential amino acids, especially, lysine and tryptophan. 
Corn is a fair source of vitamin E, but is low in vitamin D 
and B vitamins. It is deficient in calcium, and although 
it contains a reasonably high level of phosphorus, much of 
it is present in the biologically unavailable form of 
phytic acid (26). It is interesting to note that corn (Zea 
mays) is the most common grain used for feeding swine in 
the U.S.A. Also, the preparation of corn from boiled water 
ensures safety from most pathogens which are prevalent in 
the developing countries (26). The total composition of 
corn is found in Table 1. 
Table 1. Composition of (maize) corn (International Feed 






Total digestible nutrients 
Plant Cell Wall Constituents 
(1) Cell walls 
(2) Cellulose 
(3) Hemicellulose 
( 4) Lignin 
(5) Acid detergent 











89.0 0 (+) -6 
3399 kcal/kg 
3300 kcal/kg 
9.6 9, 0 
80.0 % 
8.0 9, 0 
2.0 9, 0 
5.0 9, 0 
1.0 9, 0 
3.0 9, 0 
2.6 9, 0 
3.8 9, 0 
1.3 9, 0 
0.03 9, 0 
0.26 9, 0 
0.03 9, 0 
0.04 9, 0 
0.33 9, 0 


























5. 9 mg/kg 
1. 2 mg/kg 
(*) Source: National Research Council 1982. 
c+J Vary between 75-90%; for storage without spoilage in 
the absence of a preservative such as propionic acid, a 
minimum of 85% is needed. 
<#> Almost completely unavailable. 
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Preparation of the corn-water-salt solution 
Thirty grams of whole ground corn in 1000 mls of 
potable water is boiled for 20 minutes to produce a col-
loidal suspension, which is cooled to 30°C. Three-and-a-
half grams of sodium chloride is then added to provide 
sodium and proper osmolarity, based on the WHO standard. 
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A stock suspension based on the above formula is 
prepared for the entire project from which the pigs will be 
fed. The prepared stock solution will be stored in plastic 
jars and kept frozen until the required time for use. 
Also, a nutrient·analysis of the stock solution as well as 
its specific gravity would be determined. 
Consistencies of the prepared corn-water-salt solution 
It was interesting to compare the consistencies of 
different concentrations of the corn-water-salt solution. 
These concentrations were 10 g/L, 20 g/L, 25 g/L, 30 g/L, 
35 g/L, 50 g/L, 75 g/L and 100 g/L. Concentrations of 10 
g/L through 35 g/L had good flow properties and low 
viscosities. Therefore, preparations with these 
concentrations would be easier for a piglet or a young 
child to drink. On the other hand, the viscosities of 
solutions with 50 g/L through 100 g/L were high and 
therefore would be difficult for a piglet or a young child 
to drink, digest and absorb. When left overnight, these 
latter batches of corn-water-salt solutions formed 
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gelatinous layers on their surfaces making pouring 
difficult. These gelatinous layers were also more 
susceptible to bacterial and fungal growths. 
The total digestible nutrients in corn is about 80% 
(see Table 1). Therefore, only concentrations of 25 g/L 
and above can yield a minimum of 20 g of glucose present in 
the WHO-ORS. However, 25 g/L would be a theoretical 
minimum and may not be sufficient in vivo. Thirty-five g/L 
may cause osmotic diarrhea. 
with 30 g/L concentration. 
Consequently, I chose to work 
The use of a 30 g/L 
concentration rather than a 25 g/L concentration is the 
main difference between my solution and that of a previous 
pilot and clinical study done by Kinoti et al. (20). In 
addition, Kinoti switched from an original concentration of 
50 g/L to 25 g/L. 
Research design 
Thirty seven-day old piglets from five litters 
weaned at three days would be used for this study. There 
would be six groups in all. Groups one through four would 
serve as treatment groups while groups five and six would 
serve as control groups. The design is shown in table 2. 
All the piglets would be fed with specific pathogen free 
milk. 
36 
Table 2. Experimental design. 
TREA'IMENTS OJNTROL 
Group 1 2 3 4 5 6 
Number of 
subjects 8 8 8 8 8 8 
'!GE+ '!GE+ TGE 
- '!GE- '!GE+ '!GE-
(WHO (OJRN (WHO (OJRN (NO (NO 
ORS) ORS) ORS) ORS) ORS) ORS) 
The small piglets whose weight differ markedly, would 
not be used for these studies. Therefore, it may become 
necessary to use seven litters for the entire project. 
Two mls of inoculum containing TGE virus particles 
(10
4 
per ml) would be given by nasogastric tube to the 
piglets that would receive the TGE. [It may be necessary 
to do an LD50 using the surplus pigs in order to determine 
the correct inoculum.J The piglets would be matched by 
weight, sex and litter. 
If this experiment were carried out at the 
veterinary science department of SDSU, or equivalent 
laboratory, it would take about six months to complete the 
experiment. 
Data to be obtained 
(1) Dehydration status 
(a) The piglets would be weighed three times daily. 
Two hanging balances equally calibrated to give identical 
readings would be used for the measurements. 
(b) Hematocrit - The percentage of erythrocytes to 
total blood volume would be determined. 
(c) Measurement of plasma specific gravity. This 




This would be assessed by measurements of CO
2 
content 
of plasma using arterial blood, or capillary blood obtained 
by deep puncture from a vasodilated capillary bed. 
(3) Plasma electrolyte 
Venous blood sodium, potassium and chloride would be 
determined using flame photometer. Plasma is preferred for 
all electrolyte measurements because sodium and potassium 
remain constant in plasma but not in serum (34). 
(4) Stool sampling for electrolytes such as sodium, 
potassium and chloride. 
(5) Stool sampling for microorganisms 
Enterotoxigenic Escherichia coli (ETEC), Shigella 
dysenteriae, Campylobacter jejuni, Vibrio cholerae, 
Salmonella sp, Cryptosporidia, Rota virus and TGE. 
Rationale for doing a particular test 
During acute or chronic diarrhea episodes, certain 
physiological parameters are adversely affected. 
Consequently, these characteristics have to be assessed 
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during the experiment to quantify the degree or severity of 
the diarrhea episode as well as the efficacy of the corn 
ORS. 
1. Dehyration status 
a. Body weight changes. The more the dehydration, the 
lower the body weight of the pig when compared with a 
healthy pig of the same age and nutritional status, under 
identical environmental conditions. 
b. Hematocrit value. Hematocrit value increases as the 
dehydration status increases. In dehydrated pigs, the value 
should be greater than 45%. Normal value is about 41.5%. 
c. Plasma specific gravity. Raised plasma specific 
gravity is used as a clinical assessment of dehydration. 
The plasma specific gravity of a healthy pig is 1.045. In 
dehydrated pig, the value should be greater than 1.060. 
Sampling procedure 
Generally, blood can be sampled from namely, 
arteries, capillaries and veins. However, arterial blood is 
a primary reference for all acid-base studies. Sampling 
should be done in such a manner as to reduce stressing in 
the piglets. However, capillary blood that is obtained by 
deep puncture from a vasodilated capillary bed is 
practically equivalent to arterial blood (34). 
Venous blood is generally used for routine measure-
ment of electrolytes. Venous blood may also be used for the 
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estimation of pH, and Pco2 • However, adequate precautions 
must be taken to minimize the effects of local metabolism. 
Intake of oral rehydration solutions, stool output 
and urine would be measured at eight-hour intervals. Blood 
samples for measurement of hematocrit, plasma specific 
gravity and electrolytes would be drawn before involving any 
of the piglets in the experiment, before starting oral 
rehydration and every 48 hours. Each experiment would run 
for 14 days. stool samples would be collected by rectal 
swabs at the start of each experiment and at every 24-hour 
interval for the estimation of fecal Na•, k+, and c1·. Urine 
samples would be collected for Na•, k+ and Cl- estimation at 
the start of each experiment and at every 24-hour interval. 
Stool samples would be cultured for microorganisms before 
the start of each experiment and at every 24-hour interval. 
Detection of TGE and rotavirus in stool would be carried out 
by Enzyme-linked immunosorbent assay (ELISA)/Electron 
microscopic techniques. 
Collection of blood 
Air-tight, anaerobically filled vacuum tubes or 
syringes containing an anticoagulant, preferably heparin, 
should be used for the collection of blood. Heparin should 
be used as the lithium salt but not as the sodium salt to 
avoid the contamination with sodium. 
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Storage of blood 
Blood pH and Po2 fall, and Pco2 rises with time when 
blood is collected and stored anaerobically. Consequently, 
it is highly recommended that these values be determined 
immediately after collection. The actual change varies with 
temperature, white blood cell count and platelet count. The 
pH, and Co2 content, should be determined within five 
minutes of sampling for optimal accuracy (34). 
Statistical tools to be used 
One way analysis of variance would be used for the 
analyses of the data (35, 36). Measurements obtained from 
the experimental groups would be compared with values in 
control pigs in order to determine level of significance. 
Limitations of the study 
The study design assumes that pigs, being monogastric 
animals like humans and possessing GIT similar to man both 
morphologically and by oral absorption mechanisms, would 
handle oral rehydration therapies in similar way as humans. 
Since there are no bicarbonates in the corn-water-
salt solution, this preparation should be used when complete 
formula solution is not available (37). 
Evaluation 
The success or failure of the treatment using corn-
water-salt solution would be assessed by measuring the oral 
rehydration solution intake, output of stool and urine, gain 
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in body weight, changes in hematocrit and plasma specific 
gravity, incidence and duration of infection, and the 
-correction and maintenance of the electrolyte balance among 
the infected piglets. The morbidity and mortality rate 
would also be monitored. 
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CHAPTER FOUR 
RESULTS AND DISCUSSION 
The purpose of this project was to design an 
experiment to determine the effectiveness of corn-water-salt 
solution as an oral rehydration therapy for the management 
of diarrhea in piglets inoculated with transmissible 
gastroenteritis virus (TGE). This chapter reviews the 
probable results that would be obtained if the experiment 
were carried out. A brief background and description of the 
probable subjects is also provided. 
In addition, possible outcome due to fluid and 
electrolyte imbalances resulting from diarrhea together with 
why diarrhea is prevalent in children is discussed. 
Brief description of the subjects 
A minimum number of thirty piglets would be used for 
this study with at least five piglets in each group. 
However, in order to obtain results that would have 
statistical significance, it would be better to use about 
forty-eight piglets with eight piglets in each group. The 
piglets would need to be at least seven days old in order to 
ensure that most of the active disaccharidases are fully 
developed to handle corn-water-salt solution. In the 
abstracts of a study by Kelly et al. there was evidence that 
a diet of solid feed was capable of stimulating carbohydrase 
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activity as early as 1-2 weeks of age in piglets (38). In 
humans, Sevenhuysen et al. showed thatOC-amylase activity 
was found to increase rapidly from low values at birth to 
approximately two-thirds of adult values by three months 
(39). By six months of age,()(.-amylase activity in both the 
saliva and the pancreatic secretions were found to be 
significant. 
Probable results that would be obtained from this 
experiment (Refer to Table 2.) 
I. Groups 1 and 2 
Ideally, the piglets in these groups will develop 
diarrhea but because of their treatments with ORS, these 
piglets will gradually recover from diarrhea episodes. The 
effectiveness of the two ORS solutions (WHO and corn) can 
then be compared based on the speed of their recovery, (ii) 
rehydration status (iii) decreased acidosis (iv) ability to 
revert to the baseline levels of their plasma electrolytes 
(v) decreased levels of their stool electrolytes and (vi) 
decrease in stool volume and liquid consistency of their 
stool samples. 
II. Groups 3 and 4 
Ideally, piglets in this group will not develop 
diarrhea, since they would not receive the virus. However, 
it will be interesting to observe any gain or loss in weight 
or adverse effects that could be elicited by the administra-
tion of the standard WHO ORS and corn ORS, respectively. 
III. Group 5 
Ideally, the piglets in this group should develop 
diarrhea, since they would be treated with the TGE virus. 
From the subjects in this group, the physical and 
physiological signs and symptoms of diarrhea due to the TGE 
would be observed. These would include some or all of the 
following: 
(i) reduced or no weight gain when compared with the 
other piglets, 
(ii) increased hematocrit with values greater than 45%, 
(iii) increased plasma specific gravity with values greater 
than 1.060, 
(iv) increased CO2 content of their blood, 
(v) reduced plasma pH of their arterial blood with values 
less than 7.3, 
(vi) massive and watery stools, 
(vii) decreased body and blood electrolytes, 
(viii) higher incidence of infection and greater number of 
microorganisms, 
(ix) higher morbidity and mortality rate. 
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IV. Group 6 
Ideally, all the piglets in this group will develop 
normally. There should be no signs and symptoms of diarrhea 
whatsoever. 
Precautions 
As much as possible, all the piglets would be matched 
by weight and sex. In a study by Biritwum et al. among 250 
pre-school children in a village in Ghana, children who were 
less than 80% of the standard weight for age at the start of 
the study had significantly more diarrheal episodes than the 
rest (40). The mean incidence of diarrheal diseases per 
year increased as both height for age and weight for height 
decreased. such a finding might also be applicable to 
piglets. 
The goal of oral therapy is the early and effective 
treatment of diarrhea diseases to prevent dehydration and 
progression to more severe illness. However, parents using 
this formula should supplement for the absence of potassium 
by giving bananas or citrus fruits or green coconut water to 
their children. Where available, 2.5g of sodium carbonate, 
commonly called baking soda, should be added, particularly 
for heavily purging patients. 
Caution should be exercised when administering this 
preparation to neonates and infants less than two months 
old. Marin et al. did an interesting clinical study of oral 
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rehydration therapy in neonates and young infants with 
infectious diarrhea at Capa University, Istanbul, Turkey 
(41). The results showed that neonates and young infants 
had a lower capacity than older infants to excrete water and 
salt and therefore ran a greater risk of developing fluid 
and salts retention during ORT. The risk was much greater 
in neonates because their renal function was not mature 
enough to handle excess amounts of fluid and salt by 
increasing the urinary output. Therefore, Marin et al. 
concluded that, when a solution containing more than 60 mmol 
sodium per liter was used in neonates for purposes of rapid 
rehydration, it should have been done under very strict 
supervision and limited to the first four to six hours of 
treatment. A solution containing 60 mmol sodium per liter 
seemed more appropriate in this age group during the first 
hours of rehydration. However, since these studies were 
done in humans the results obtained in piglets would not be 
exactly the same (41). 
Fluid and electrolyte imbalances resulting from diarrhea 
The major consequence of acute diarrhea is marked 
water and electrolyte depletion. Consequently, water and 
electrolyte imbalances are generally secondary to acute and 
chronic diarrheal states. 
Osmotic diarrhea 
The presence of poorly absorbable solutes in the 
47 
intestinal lumen, especially in the colonic lumen, causes 
osmotic diarrhea. In this situation, the hypertonicity of 
the intestinal contents results in flow of extracellular 
water into the intestinal lumen from the extracellular 
compartment. This is common among infants born with 
glucose-galactose malabsorption or lactase deficiency, or 
secondary to damage to the intestinal microvillus membrane 
(25). Dietary sugar accumulates in the lumen where it 
exerts an osmotic effect. Also, the fermentation of these 
sugars to organic acids contribute to toxicity, thereby 
generating an osmotic load resulting in water being secreted 
into the lumen. Large quantities of hypertonic diet and 
laxatives containing poorly absorbed ions may precipitate an 
osmotic diarrhea. Sodium concentration in such stools is 
characteristically very low (42). Clinically, osmotic 
diarrhea is distinguished by the fact that the diarrhea 
stops when the patients fast. In most cases, the stools 
generally have a low pH and contain reducing substances. In 
addition, the sum of (Na++ K+) x 2 in the stools will be 
less than the measured stool osmolality indicating the 
presence of organic acids in the stools (25). Table 3 
summarizes the expected diagnostic differences between 
osmotic and secretory diarrhea. 
Table 3. Diagnostic differences between osmotic and 
secretory diarrhea (25). 
STOOIS OSMOI'IC DIARRHEA SECREIORY DIARRHEA 
Electrolytes Na<70 mEq/liter Na>70 mEq/liter 
Osmolality >(Na• + K+) X2 = (Na• + K+) X 2 
pH <5 >6 
Reducing 
substances Positive Negative 
Volume <200 ml/day >200 ml/day 
Secretory diarrhea 
48 
Secretory diarrhea is characterized by large losses 
of water and electrolytes from the gastrointestinal tract. 
Cyclic AMP, cyclic GMP and ca++ are known to be secretory 
stimuli for active c1· secretion from the crypts. A typical 
example of secretory diarrhea is that of cholera. Here 
enterotoxins are produced resulting in increased cyclic AMP 
levels with active c1· secretion. Other causes of secretory 
diarrhea include deconjugation of bile salts secondary to 
bacterial overgrowth; and tumors secreting hormones, which 
increases the level of intracellular mediators. 
In general, the volume of the stools is generally 
massive and does not decrease with fasting unlike in osmotic 
diarrhea. Table 4 summarizes the concentration of electrol-
ytes in the stools of patients with secretory diarrhea. In 
secretory diarrhea, as a result of massive losses of fluid 
and electrolytes, dehydration, decreased body sodium, 
hypokalemia and acidosis are usually seen. Acute renal 
failure may develop secondary to severe hypovolemia. 
Table 4. Electrolyte Composition In Stools (mmol/L) of 




25 ± 5 
120 ± 10 
40 ± 4 
60 ± 5 
40 ± 5 
33 ± 5 
20 ± 4 
95 ± 10 
40 ± 4 
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In a study of 120 children below the age of five 
with acute diarrhea by Molla et al. in Bangladesh, y. 
Cholerae, enterotoxigenic. E- Coli (ETEC) and rotavirus 
respectively were identified in about 33% of the patients 
(43). The mean stool sodium, chloride, and bicarbonate 
concentrations from patients with cholera were significantly 
higher than that seen in stools from patients with ETEC or 
rotavirus infections (See Table 5). 
Other problems that may predispose to diarrhea 
I. Deletion or inhibition of an active ion transport 
Congenital defects of Na•-H+ and er -HC03-
exchange mechanisms may result in secretory diarrhea present 
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at birth in infants (44,45). In a study, the absence of 
Na•-H+ exchanger in brush border membrane vesicles was found 
to be responsibsle for the Na•-H+ congenital defect. 
Chloride HC03 , known as congenital chloride-losing diarrhea, 
has been shown to be due to the presence of excess of 
amniotic fluid. This defect is known as hydramnios. 
Table 5. Mean electrolyte composition of stools of 
children with diarrhea (43). 
No. of 
Etiology Patients Stool electrolyte 
Na+ k+ Cl 
Cholera 37 88 30 86 
Rotaviruses 45 37 38 22 
ETEC 38 53 37 24 
II. Alteration in intestinal motility 
In children, malnutrition represents a major problem 
that results in hypomotility (46). Secondary to this is 
bacteria overgrowth, leading to deconjugation of bile salts 
that increase cyclic AMP level in the colon, causing 
diarrhea (46). Other causes of hypomotility include 
diabetes, scleroderma and intestinal pseudo-obstruction 
syndromes (46). 
Hypomotility is more frequently associated with 
diarrhea than hypermotility. Peristalsis is important in 
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maintaining relative sterility of the upper small intestine. 
III. Reduction in the anatomic surface area 
There must be adequate mucosa! exposure of luminal 
contents for absorption to proceed normally. Short bowel 
syndrome and celiac disease are the classic examples of 
diarrhea secondary to reduction in the anatomic surface area 
of the small intestine and the ileocecal sphincter seem to 
be particularly important. The diarrhea is characterized by 
loss of fluids and electrolytes, as well as the loss of 
carbohydrates, proteins, fats, minerals and vitamins (47). 
Why is diarrhea prevalent in children? 
Intestinal infections occur more frequently during 
the first two years than at any other stage of life (42). 
Global morbidity and mortality statistics certainly support 
the view that it is the young of most species, including 
humans, that are particularly hard hit by diarrheal disease. 
Several contributory factors are apparent for the increased 
susceptibility to infection by infants (30). In the first 
place, once weaned and deprived of the passive protection of 
mother's milk, the child's intestine lacks a full range of 
defense mechanisms against potential pathogens, e.g., 
secretory IgA, gastric acidity and the cleansing effect of 
peristalsis. All these may be disturbed in early life in a 
way that would favor microbial growth. Secondly, the impact 
on enteric function of acute net intestinal losses of fluid 
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from the gut is relatively much greater in young children 
than in adults. This may be due to the relative 
inefficiencies of most transport systems in the developing 
GIT of children. Thirdly, the young infant's kidneys have 
less capacity than those of adults to adjust to fluid 
deprivation. Fourthly, the infant has relatively meager 
nutritional reserves, so that depletion of both macro-and 
micronutrients develops quickly in the face of limited 
intake and excessive losses. Finally, it is during 
childhood that one expects the onset of diarrhea caused by 
congenital abnormalities, either biochemical or anatomic 
(30). Savilahti et al. has suggested that there are also 
two major subgroups among children with recurrent diarrhea -
children with food allergy and those who react to 
environmental stresses with a variety of somatic symptoms 
( 48) • 
In a study of a group of fifty bottle fed children 
under thirty months at Zaria, Nigeria, diarrheal disease 
principally due to enteral infections was the main killer of 
bottle fed babies (49). Continued consumption of foods from 
dirty feeding bottles and poor hygienic practices led to 
recurrent attacks of diarrheal diseases. In addition, the 
researchers concluded that diarrhea precipitated or 
exacerbated malnutrition through several postulated 
mechanisms, including reduced breast-feeding and food intake 
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(50,51). 
Diarrhea in breast fed infants is rare. However, at 
the Institute of Child Health in London, Barfoot et al. (52) 
reported an unusual form of diarrhea that was relieved when 
breast feeding was stopped. No bacterial or viral pathogens 
were isolated from the stools of the baby girl but contained 
a reducing substance called fucose which was identified by 
paper chromatography. This unexplained diarrhea in a 
newborn breast-fed infant in association with the finding of 
a reducing substance in the stools suggested a diagnosis of 
congenital lactose intolerance (lactase deficiency). 
Usually, this was treated by feeding with a milk free of 
lactose, and the life long exclusion of cows' milk products 
from the diet. The authors therefore suggested that sugar 
chromatography should be carried out on the stools of all 
infants with unexplained diarrhea before instituting changes 
in their diet (52). 
Recently in Leicester, Royal Infirmary in England, 
Fenton et al. reported an unusual case in which a seven-
month-old girl that had chronic administration of Epsom 
salts by the mother suffered severe diarrhea and weight loss 
(53). Therefore, in cases where the clinical picture is 
unusual, and is accompanied by severe weight loss and near 
fatal episode of dehydration, the need to consider 
pharmacological abuse is very important (53). 
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Six do's and do net's with oral fluid treatment 




Do not stop feeding the patient during episodes of 
diarrhea as this only makes the patient weaker; 
Do give frequent but small amounts of digestible and 
rich foods such as cereals, bananas and well-cooked 
vegetables; 
Do not give food containing too much sugar, salt or 
spices; 
4. Do dilute cow's milk with oral fluid. On the first 
day the milk should be diluted with an equal quantity 
5. 
of oral fluid; 
Do not worry about diarrhea and vomiting during 
feeding; and 
6. Do wash your hands always. 
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CHAPTER FIVE 
SUMMARY, IMPLICATIONS AND RECOMMENDATIONS 
The purpose of this research paper was to describe 
an experiment suitable for the evaluation of corn-water-salt 
solution as an oral rehydration therapy suitable for the 
management of diarrhea in piglets inoculated with 
transmissible gastroenteritis virus (TGE). TGE has been 
shown to induce diarrhea in young piglets. This virus 
invades the mucosa! epithelium of the upper small bowel in a 
similar manner to the virus that causes infantile viral 
gastroenteritis in humans. The Yucatan miniature pig GIT 
has similarities to man, both morphologically and by oral 
absorption mechanisms. Consequently, results that could be 
obtained from this study would have direct implications for 
humans. 
Diarrhea with associated malnutrition is the most 
common cause of life-threatening morbidity in infants reared 
in developing countries. Rehydration and the maintenance of 
adequate fluid and electrolyte balance has been found to be 
the key to the management of the child with acute diarrheal 
disease. In light of this, there is adequate justification 
for the objectives of this research paper. 
I am strongly of the opinion that when 
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appropriate, funds should be made available to carry out 
this research. Also, further studies should be carried out 
in the fields of diarrhea research and oral rehydration in 
order to improve the quality of life in rural areas. Above 
all, parents should be informed about the increased 
nutritional needs of children during all illness and 
convalescence. Consequently, the idea of withholding food 
during diarrhea episodes should be discouraged except during 
osmotic diarrhea. 
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